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A known or inferred Holocene volcanoes (Smithsonian Global Volcanism Program)

e shallow earthquake epicenters (>50 km depth) on land with a magnitude of 6.5 or higher since 1976
extreme flood events (Dartmouth Flood Observatory , from 1985-2003)

B subject to landslides (Norwegian Geotechnical Institute and UNEP-Grid Geneva).
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The Challenge of Leveraging
Remote Sensing for Disaster Response

Mean Access Time (Day)

large quantities of data from NASA NISAR
(formerly DESDynl), other satellite missions, and
rapidly expanding GPS networks.

Legend

Going from Artisan to Automation: Use system e bES =
engineering approach to translate specialized
data analysis into operational capability.

ssssssssss
uuuuu

Demonstrate response to hazards with standardized set of data products for
decision & policy makers.

; Coseismic Damage s
Temporal Record§ Spatial Maps of Ground COSDeI:mIC Ground g Earthquake
of Ground Deformation Deformation eformation Models
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Anywhere on Earth, a radar satellite passes
overhead at least once per day.

Expected wait time until the
first SAR satellite to visit
after an event

Ascending + descending orbit

Present: 15 hours

2020: 8 hours

Source: Sang-Ho Yun (JPL)
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ARIA-MH Services
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SN Advanced Rapid Imaging & Analysis for 5
ARIA
LRSS Monitoring Hazards (ARIA-MH)

* High-volume, low-latency, and automatic generation of NASA Solid
Earth science data products (InSAR and GPS) to support hazards
monitoring.

* Enabling both science and decision-support communities to
monitor ground motion in areas of interest with InSAR and GPS
data.

* Leverage and geographically optimize hybrid Cloud-based
processing and data management of geodetic data products

* Monitoring and Subscriptions

— Event streams from USGS NEIC

— Data product streams
e Conditional actions for triggering of geodetic data processing
e Situational awareness for

— Near real-time information

— Data system health
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Near Real-Time Big Data Streams

* JPL/Caltech/ASI collaboration effort opens flood of COSMO-SkyMed (CSK)
data for select regions

— Provides access to CSK X-band Level-0 SAR radar data from the Italian Space
Agency (ASI)

— COSMO-SkyMed (CSK) data provided as part of a technical collaboration
between JPL-Caltech and the Center for Earth Observations (CIDOT), Italian
Space Agency (ASl)

— CSK constellation of 4 satellites has acquisition capacity of 450 frames/day for
each satellite

* 1 frame =40 x 40 km swath, 3m resolution, 1.2 Gb

— Example: San Andreas Fault region of California
* 580 GB of raw data every 16-day cycle, about 500 frames.
* Downstream derived data products increase data volume 50X+

* NISAR

— L-band SAR

— Deliver ~85TB data products per day to DAACs (~1GB/sec sustained)
 Sentinel 1A/1B

— C-band SAR

— 1.2TB/day raw data

 Data movement and storage concerns for handling global-scale coverage
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Near Real-Time Data Source
CSK Scene Footprints: Rolling 16-day cycle view %

Satellite observation of granules from Italian X-band Level-0O SAR radar data
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Interferogram Processing Workflow (1 of 2)
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,I‘hterferc’)gram Processing Workflow (2 of 2) @/

Repeated from
previous page

QAN TimY
o LCUW o
i

haArz ]'A. Series
—— - -‘umw»" ‘
/

code l13,A13

“““““

Large-area
Mosaicking of
time-series
accounting
for disparate
incidence

angles

series

SBAS or
NSBAS or
MInTS

... etc. for all tracks
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ARIR

[elVp] 2014 May 08 14:05:48 | EJF geo_filt_topophase.los-N1

Anaheim

ARIA-MH used for continuously monitoring for availability of new CSK
scenes over La Habra with beam 5 and track 111.

Automated interferogram processing
Based on CSK 1.3cm X-band data




Space admimaraton. M6.0 South Napa Earthquake
Clfornia metute of Technology Deformation Field

* Italian Space Agency (ASlI)
activated crisis response
for this event

* First overflight of the area §.
by COSMO-SkyMed X-
band radar on 8/26/14
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e Data delivered to ARIA
data system on 8/26/14 at
11 pm

* ARIA generated map of
deformation field
(“interferogram”) on
8/27/14 by 4 am

* Each fringe represents 1.5
cm of motion
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i £ 'Damage Proxy Map

e Site 5: Pasadena Convention Center foundation
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Source: Sang-Ho Yun (JPL)
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Super Typhoon Haiyan Damage in Tacloban,
Philippines Imaged with COSMO-SkyMed

2013-11-08 00:00 (UTC): Haiyan hit Philippines

2013-11-11 (Day 3): COSMO-SkyMed (X-band) data acquired
2013-11-11 (Day 3): Damage Proxy Map produced by ARIA
Map distributed to organizations responding to the disaster.

2, Bam”@.(\v'ér‘lay othPM and damage grade

arangay 64

Damg
ge PrOXy Map (Dp 1V~ . bu1|d@ footprints derived
M) ‘ : 5% from mdependent assessment

QJTIQJI’J

OpEernicus

Island

Jinamoc
Giacloban City,

Settlement Grading

Destroyed

Moderately Affected

D A SR T e S N
L R, SN ~ 4 ¥y - . - 2 )
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Possibly Affected

Q)rmo( City.

(Qurauen

(E)ulag

COSMO-SkyMed © ASI (acquired on 2013/08/15, 2013/08/19, 2013/11/11) Damage grade polygons derived by Copernicus Emergency Management Service

under a joint collaboration between JPL and ASI from visual interpretation of pre-event and post-
event optical images
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Projects Currently Utilizing ARIA-MH Capabilities

* CaliMap (JPL/Caltech/ASl)

— California coverage since 2013-05-24

— 12 complete 10,000+ possible pairs
— CSK data -25% of pairs meeting interferable criteria
cycles ascending and descending

* Dynamic Processes (AGl)

e Active Volcanoes (NASA ESI)

e Antarctica Monitoring (NASA Cryosphere Science)
«  Asal Rift (NASA ESI)

e Other analysis projects benefiting from ARIA-MH web services
— Slumgullion landslide
— San Francisco Bay Faults
— Baja California post-seismic analysis
— La Habra earthquake analysis

 Note: CSK data stream is used as a testbed to design and verify the ARIA-MH
infrastructure. There is no plan to provide a long-term "service" to the general
community on behalf of the Italians for access to CSK data and products, but we
can make interferogram products available in the long-term.
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Projects Supported by ARIA-MH (AIST 2011)

2012 New York City

A -
- o
Hurricane Sandy 7 .I; 1
Disaster ?‘_ ;

L2

North Anatolian Fault, Turkey
| Tectonics, Disaster

2013 Colorado Floods
Disaster 3

B Kilauea
)_ | Volcanism

Landslide Dyna
=

2013 Oklahoma Tornado
Disaster

Volcanism %

Slumghllion
' &L’_andslide &
CaliMap Dynari
Tectonics 2%
Hydrology Sierra Negrgk-’ Pr—
Disaster <‘\/

(4

J/ CSK 4 s

. A RN
- Copahue
Volcanism

s

2013 Sudan Floods Afar/Asal Rifts ;
Disaster Volcqnism g\
3

uuuuuu

Rutford Ice Stream
Glacier Dynamics

+ All test sites make use of
COSMO-SkyMed (CSK) data "
Provided by ASI-CIDOT CSK

(Italian Space Agency - M

Earth’s Observation Data
A Interpretation Center)

JPL-Caltech “_.”



Motivation for Cloud Computing &

* Incoming flood of data volume
— Nominally 1.2GB/scene
— 100Ks of scenes
— 10GBs-100GBs temp storage per data product processing
— PBs-scale data products

— Example InSAR satellites
* COSMO-SkyMed (CSK) and CSK second generation data from ASI
e Sentinel 1A/1B
* ALOS-2
* Decadal Survey: proposed NI-SAR mission (US L-band SAR)

data product generation

III

 “Embarrassingly paralle

* Monitoring, Subscriptions, and Actions
— User definable bounding box regions of interest for nominal background monitoring/processing.

* Elasticity of computing when responding to events

* Process migration to geographically disperse data centers
—  ESDIS DAACs (e.g. ASF)
— UNAVCO SAR Archive
— ASl for CSK
— DLR for TerraSAR-X
— JAXA
— Various GEO Supersites
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Compute, Data, & Cost Estimates &

* Notional analysis comparing local hardware purchase versus AWS GovCloud usage

— Process 16-days of data in at most 8-days.
* 26K compute hours on 8-core nodes (3 years wall-clock processing)

— EC2 instances with
* Persistent EBS for cached data
* Ephemeral local VM disk for scratch disk

— Use AWS Glacier for cheaper long term storage (with lower data access latency)
— Break-even point before 1-year mark
— AWS market prices frequently changes (estimate already outdated)

— Costs based on today’s dollars. Does not account for inflation. Does not account for future AWS price
drops.

— On-premise costs do not consider overhead costs of cooling and electrical

Cumulative months

Local Cluster (Cumulative) 3 6 9 12 15 18 21 24 27 30 33 36
Long-Term Storage ! $2.7 $11.9 $27.5 $49.7 $78.3 $113.4 $155.0 $203.0 $257.6 $318.6 $386.1 m
Transfer Fee for LTS data $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
Transfer Fee for results $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
CPU $11.3 $22.5 $33.8 $45.0 $56.3 $67.5 $78.8 $90.0 $101.3 $112.5 $123.8 $135.0
Total $14.0 $34.4 $61.3 $94.7 $134.6 $180.9 $233.7 $293.0 $358.8 $431.1 $509.9 $595.1
Amazon GovCloud (Cumulative)

Long-Term Storage $0.21 $1.1 $3.2 $7.0 $13.0 $21.6 $33.4 $48.9 $68.5 $92.8 $122.2 $157.3
Transfer Fee for LTS data $0.97 $5.2 $15.1 $32.9 $61.0 $101.7 $157.3 $230.2 $322.6 $436.9 $575.4 $740.5
Transfer Fee for results $0.00 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0 $0.0
CPU $6.22 $18.7 $37.3 $62.2 $93.3 $130.6 $174.2 $223.9 $279.9 $342.1 $410.6

Total $7.40 $25.01 \ $55.65 $102.14 y $167.31 $253.96 $364.92 $503.01 $671.05 $871.85 $1,108.23 $1,383.01
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Hybrid Cloud Computing
Science Data System (HySDS)

e Utilizes both on-premise and off-site infrastructure
— Leverage existing infrastructure investment
— PB-scale processing and storage in public cloud currently too expensive

* Hybrid Cloud data system architecture
— Burst out to public cloud when demand exceeds on-premise resources
— Deploy AWS-compatible Eucalyptus cloud stack on-premise

* Heterogeneous computing nodes

* Resource management and data discovery can run anywhere

* Deploy localized data repositories closer to processing VMs

* Leverage Amazon GovCloud US to address export control and firewall security issues

On-premise (e.g. JPL) Virtual Machines Off-site (e.g. Amazon GovCloud US)

ISCE <= ISCE

INSAR

Processing \ Storf’:lge
Services

/

InSAR
Processing

Discovery
Services

/

Storage

Services /
INSAR

N

ISCE <= ISCE

INSAR o
Processing

Resource
Management

\

Processing .
\ Processing

Public Cloud

Existing Legacy Systems
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Hybrid Cloud Auto-Scaling

e Auto-scaling: burst out
to other cloud zones

Discovery
Services

INSAR
Processing
Storage
Services

AN

Resource
Managemen

\ N
NASA Data Center ’

INSAR
Processing

INSAR
Processing

INSAR
Processing

INSAR
Storage Processing

Services

INSAR
Processing

INSAR
Processing Storage

Services

INSAR InNSAR
Processing NASA Data Center Processing
Storage
’ Services INSAR
INSAR Processing
Processing

\

NASA Data Center
Amazon GovCloud US
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Faceted Search of Data Products

Facetted view of data_ ——
prOd UCtS & HySDS Facet Search % )3  HysDS-FacetSearch # | Mysos - HyssjobMetrics x| (] HysDSJobManagement x| + |

— Enable users to “
into multi-dimens
of data

— Sequentially appli
constraints
Collaboration wi
crowd-sourced s
tagging
Facets for reverse ¢
for all data productifs. 1‘ |
Interactive leaflets : e .
REST web service e
also in use

f
.
D
EX poses Sa l I le fa C : aria-dav-pub.jpl.nasa.gov/browse/interferograms/v0.2/2013/12/13/interferogram__T185_F337-351_CSKS1_20140215-CSKS1_20131213/2014-07-24T182050.330265/corrections_topophase.unw.geo.browse_small.png
traints

[ @ osjsdev.jpl.nasa.gov/elasticsearch/demo-612/aria-search/facetview/source={"query"{"match_all"{}}, from":10,"sort"{{" & | (B- Google Q) (&) (m]
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HySDS Facet Search x \ + o

@-)Ahnps://aria-seanh.]pl.nasa.gov/?source-I'querY':('match_alI':m.'son':[I'_tlmestamp‘:('ordar':'desc')ll.'ﬂe|ds':l'_limes!amp‘.'_: (,']'Coogle Q) *‘e ‘ .3 I =
HySDS Facet Search ~ Home  FacetSearch  Repository KML  Jobs  Incoming Logged in as: ariaops My Rules  Logout ‘

HySDS Facet Search iaceted search interface for GeoRegionQuery

X ? 10  searchterm -
= user tags min latitude
? 10 countd OR range -90
LC60 (46)
HT4 @7 max latitude
20
HT6 (25)
LC50 (21) min longitude
HTS (20) -180
LC40 (16)
LC30 (15) max longitude
chirp extension noise (13) 1%
HT9 (12)
() Round values?
uncorrected (11)
= system version
? 10 countd OR range
V0.4 (29588) . 1-100165625 next»  Monitor Results Process Results
V0.2 (23547)
v0.3 (8123) CSKS2_RAW_HI_12_HH_RD_20141029015000_20141029015007 (CSK-RAW_B)
v0.0 (3857)
v0.1 (510)
- dataset

? 10 coutd OR

CSK-RAW_B (28968)

range
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; a Facet Search K]
T gry— Py B e 2089 o .
ssiemii] \ Facet Search Ll

= C' | @ https://grq.jpl.nasa.gov:8879/?source={"query"{filtered"{"query"{"bool"{"must":[{"term":{"dataset":"interferogram"H]}},"filter":{"geo_shape"{"loca... Q 7% =

GE { @ osjsdev.jpl.nasa.gov/elasticsearch/demo/ facetview/?source={"query":{"bool"{"must":("term"{"dataset":"interferogram"}},{"ter e | (8- coogle

Facet Search ~ Home  FacetSeach  Repositoy ~KML  Jobs Logged in as: ariaops My Rules  Logout

Facet Search faceted search interface for GeoRegionQuery

® 7| 10 |searchterm L2
= user tags = min latitude

? 10 count$ i =z 33
HT4 21) = N
T Tn . max latitude
L8O (16) H *
(E=DL) : min longitude
LC40 (13) U o1
HT8 (11) ]
HT9 (10) oo max longitude
HTS (10) -114
uncorrected (9)
HT3 () “ Round values?

- system version =S

? 10 countd Lol
V0.0 (2051)
V0.1 (206)

1-100f3157 next» ~ WGET Script  Download Al Monitor This ~ JSON

? 10 | comtd interferogram__T118_F332-348 CSKS2_20140510-CSKS2_20140118 (interferogram)

interferogram (3157)
topophase.unw.geo

= spacecraft
? 10 countd

CSKs4 (1180)

hitps://gra.jpl.nasa.govi8879/ source={'query"{fitered"query""bool" must'i{'ter )-114% 33 1),

» Spatial extents (polygon, bbox, circle, and reverse-geocoded region
name)

* Temporal extents
* Faceting with ESDIS GIBS near real-time (NRT) map view overlays
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Facet Search with ESDIS GIBS
Near Real-Time Basemaps

HySDS - Facet Search x +

4 @ osjsdev.jpl.nasa.gov/elasticsearch/demo-612/aria-search/facetview/?source={"query™:{"match_all*:{}},"size":20,"sort™:[{"_timestamp™:{“orde & ' GCoogle Q) &t 8 & ® =

HySDS - Facet Se

HySDS - Facet Search

s N L .
= user tags List Thumbs =8 Grid Map

2| 10/ coum & % | 2 | 20 | searchtem »

LC80 (46)

HT4 (27)

HTE (25)

LCS50 (21)

HTS (20)

LC40 (18)

LC30 (1)

chirp extension noise (13)
HT9(12)

uncorrected (11)

1 - 20 of 65625 next » WGET Script Download All

CSKS2_RAW_HI_12_HH_RD_20141029015000_20141029015007 (CSK-RAW_B)

Fre

Leaflet

= system version

7 10 coumtd

v0.4 (29588)
v0.2 (23547) tags: jpl-temp
version: B-SF
vo3 (8123) system version: v0.4
v0.0 (3857) continent: North America
V0.1 (510) location: Fresno County, California, United States
k cities: Three Rocks
bbox: 36.67,-120.28, 36.74,-120.85, 36.26,-120.37, 36.33,-120.93
= dataset sensing start: 2014-10-29701:50:00.013716 | sensing stop: 2014-10-29T01:50:06.713362

?2 10 countd

CSK-RAW_B (28968)
CSK (26469)

spacecraft name: CSKS2 | track number: 59 | beam number: 12 | lat index min: 362 | lat index max: 368

orbit direction: dsc | look direction: right | orbit number: 37268 | orbit repeat: 237

vertical baseline: -27.73891021443932
horizontal baseline: -287,10422526537036
perpendicular baseline: 207.33613284293753

product type: RAW_B

requestor: MAPCALIFORNIA_CIDOT_JPL_2013
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Dashboard for Real-Time Faceted Metrics
for Distributed Hybrid Cloud Data System
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 Dashboard for faceted metrics
e Real-time metrics of distributed hybrid cloud computing infrastructure
* Integrated metrics across on-premise and off-site cloud compute nodes
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(A

Computing Resources Used &

* On-Premise Cloud Computing Resources JPRPL

Eucalyptus Availability Zone at JPL OCIO 600 Data Center
Eucalyptus Availability Zone at JPL OCIO 230 Data Center EUCALYPTUS
Eucalyptus Availability Zone at JPL 202 Data Center
Nebula cloud compute nodes at JPL

— OpenStack Zone at JPL OCIO 600 Data Center openstack
* Public Cloud Computing Resources o
@ nebula
— Amazon AWS — GovCloud US
* Consolidated costing
* JPL network IP address space in GovCloud instances amazon

web services™

* Auto-scaling of computing resources

Able to burst out to AWS when compute demand exceeds at of on-premise
resources

Seamless transitioning between on-premise and public compute nodes
“keep up” processing of near real-time data stream
“bulk” processing
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NISAR Mission System End-to-End Data Flow (&

(A

A A

S A D JPL SDS
— - NI-SAR
v - PrOdUCtS Research &
SN (TDRSS) Development
Ka-Band = <
‘-£ JPL MOS/GDS Cal Params
SEG ISRO 1 Gbps Data Raw Instrument L0a
=0 + Ancillary Data + Inst HK LOA
S-band || Ka-band Data & Extraction & Iy x| LA LosAR
Buffering O| gmmm—— . Processors
TTC |[1.2Gbps S| Routing Science
A =1 4 LOB
=1 GPS Data Processing
Bl o e e
- & S-ban a 1 A=A Processors
1 Processing Position > Management L1
— I
1 .
S/C Position ‘1, L1
$-band SAR i ——> L-bandL2
> Science Data AnciIIar): Data (——L2 Processors
i Navigation
Processing : Inst HK
—/ 1 rA L- & S- band
Engineering — L4l Maneuve \ 4 A A LOb
Telemetry Engineering Spacecraft Impl. & Perf. A
>| Telemetry Data =2 Performance Inst HK JPL ?%L 8| |Products &
Processing Analysis 1=t ——==m=======C===3 Performance sl % Metadata WAN
Analysis =l &
— ISRO 21 v
> Telemet gl =
S/C Health g Displayry © 8 NASA
& Status sl 8 Data ISRO
) Cent
Unlink < Maneuver Design Data § Ser
" Upin () Spaceeaft (€T POl R
§- Uplink Files Operations Observation ;;?éﬁiz
o
3 & Metadata Target Specs Team Users
Legend:
NEN=Near Earth Network; SN = Space Network
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Estimated NISAR Daily Scene Data Volume

Data Volume Loading (GB)

NI-SAR - L/S-Band

Processors Input Data Input Intermediate Output To DAAC
LOA (catalog incoming raw data) from s/c 15 15
LOB LOA 15 17.25 17.25
Subtotal 17.25 17.25
L1
SLC LOB 17.25 159 159
MLC SLC 40
MLD Browse MLC 2.5 2.5
Subtotal 161.5[ 161.5
L2 (all modes) pair LOB 34,5
SLC pairs, internal 318
Interferogram 40 40
Pwr Images (Mst/Slv) 40 40
Coherence 20 20
Unwrapped itfm (desired) 20
Geocoded itfm 40 40
Geocoded Coherence 20 20
Geocoded Amplitude 40 40
Geocded Unwrapped itfm (desired) 20
Subtotal 240 200
L2 Biosphere (Quad) LOB 13.8
SLC, internal 127.2
Stoke's matrix 23 23
Polarimetric Coherence (desired) 23
Geocoded Stoke's matrix 23 23
Geocoded Polarimetric Coherence (desired) 23
Subtotal 92 46
Total 510.75 424.75

Assumption:

240x240 km data takes
15 GB/scene or

200 scenes/day and
scale all numbers
proportionally from
daily numbers
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Big Data Handling s

3TB/day LOA from ground data system
— Nominally 200 scenes/day @ 15GB/scene (240kmx240Im)

85TB/day derived data products (LOA to L2 interferograms) to DAAC. (~31 PB/year)
Estimates of sustained ~1GB/sec data transfer from SDS to DAAC

These are upper-bound estimates
— NISAR L-band uses lower resolution (10m) as compared to existing higher-resolution CSK processing (3m)
— Estimates are for storage in historic raw (e.g. BIP, BIL, BSQ) format

—  Use of HDF5 with chunked compression will reduce volume requirements

Handling NISAR scenes
— New ISCE processing code needs to developed.
*  Currently no concrete ISCE estimates on LOA to L2 processing time of NISAR 240km x 240km data takes.
—  240km x 240km, 10m resolution
— Phase unwrapping expected to be less of an issue as NISAR L-band has less decorrelation

ARIA-MH’s CSK processing as reference
—  CSK’s use of HDF5 saw 3-4X in size reduction from raw storage. Compression ratio is also scene-dependent.

—  CSK scene processing from LOA to L2 unwrapped interferogram
* Under 1-hour on 8-core compute nodes for 40km x 100km, 3m resolution. ~4 scene swath with 5-% overlap.

New architectures needed to support data handling and throughput

—  SDS processing at JPL on-premise

*  Bottlenecks with data transfer out to DAAC
—  SDS processing at DAAC on-premise

* NASA center politics and policy updates needed
— SDS processing at public cloud

Hybrid cloud: on-premise and public cloud for processing and data storage
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AIST Impacts to NISAR and SWOT &

* AIST2011 funds ARIA-MH

 Developed NASA’s first hybrid-cloud computing science data
system (HySDS)
— Elastic InSAR processing

— Elastic data storage
e Public cloud object store costs still an issue
* On-premise cloud storage options

— Process migration (moving processing closer to large data)

— Multi-dimensional faceted browse
e For data products
* For situational awareness of science data system
* Faceted user rules for conditional monitoring and processing
* Collaboration

e Hybrid-cloud computing science data system architecture (HySDS)
developed for ARIA-MH being assessed for reuse for NISAR and
SWOT

— HySDS can scale up to NISAR and SWOT needs

— HySDS enables SDS architectures to process Big Data volumes on-
premise, in public cloud, and at DAACs to minimize data movement.
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Big Data Analytics Needs s/

Real End-User Needs

Machine tags P

— Production-system auto-generated machine = - oo o o . =
User-based social tagging

— Social tagging by users
Quality Assessment ==

— Patterns of data from tagging
Analysis

— Improve understand through QA and tagging

Need for Big Data Analytics
— Too much data to manually tag
— Automating large-scale analytics

— Improve quality issues with the high-volume
interferograms such as unwrapping problemes,
mis-registration, erroneous coherence,
atmospheric noise and/or ionospheric artifacts.
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Infusion Points
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Facet Search Ccvo Repository Jobs Contact Logged in as: hookh My Rules Logout

geraldjohn.m.manipon@jpl.nasa.gov
(1014) # Round values?

update_msas-cvo (4)

dinating multiple funded efforts

Leaflet
msas-cvo (3)

2neral hybrid-Cloud Computing

ce Data Svstem to lower risks
TOC for gcis-search x / m+ "

@¢.rmps.//gcws—search.jp\.net/searcmsource:{"query“:{”ma(ch,au”my'sor(” [{"identifier.raw"{"order""asc"H], "fields"["_timestamp","_source} ~ € | (B~ Google V) E ¥ A=

1-100f4162 | next» WGET Script ~ Download Al Monitor This ~ Process This ~ JSON

AIRS.2008.03.01.L3.RetStd001.v6.0.9.0.G131C ® O O

? 10 countd O ange

V6 (94)
GCIS Facet Search  Home

GCIS Facet Search faceted search interface for GCIS

? 10 count ¥ ar

AIRX3RET (4162)
% 7 10 | searchterm -
= resolution
? 10 count ¥ ar = type
? 10 countd O range .  1-100f744 | next»

(1 day, 24 standard pressure levels, 1
degree, 1 degree) (4162) figure (491)
(1 day, 12 H20 pressure layers, 1 degree, finding (161) 1700-y of-global i proxy-data (figure)
1 degree) (4162) title: 1700 years of Global Temperature from Proxy Data

version: 6.0 dataset (40)

variables: H2O_MMR_Lyr_TqJ_A, H20_MMR_ platform (23) . 179 oo Gt Temprae change o m

= coordinates

more
? 10 count ¥ r bbox: global table (19)
start time: 2008-03-01T00:00:00 | end time: 2 instrument (10)
(time, level, lat, lon) (4162) user tags:
(time, layer, lat, lon) (4162) Enter tags.

= organization

? 10  count ¥ R | r

al 10| coumt NASA JPL Physical Oceanography
Distributed Active Archive Center (20)

National Aeronautics and Space
Administration (9)

Centre National D'études Spatiales (8)

*  MEaSUREs
* Reuse of HySDS for MEaUR

Japan Aerospace Exploration Agency (5) caption:

Changes in the temperature of the Northem Hemisphere from surface observations (in red) and from proxies (in black; uncertainty
range represented by shading) relative to 1961-1990 average temperature. These analyses suggest that current temperatures are
Indian Space Research Organisation (4) higher than seen globally in at least the last 1700 years, and that the last decade (2001 to 2010) was the warmest decade on record.
(Figure source: adapted from Mann et al. 2008ade3fd09-603e-4fae-b252-1a4142392ea0).

NASA Jet Propulsion Laboratory (4)

Russian Federal Space Agency (3)

html:
National Oceanic and Atmospheric http://data.globalchange.gov/report/nca3/ct ix-climate i t/figure/1700. f-global-temperature-
* Planned External Inf ===
Norwegian Space Centre (2) Jsom: o )
http:; X 1ange.gov/report/ncad/ct limats t/figure/1700-years-of-global-temperature-
German Aerospace Center (2) from-proxy-data.json

1997-1998-el-nino-event (figure)
title: The 1997 to 1998 El Nino Event

— USGS Hawaiian Volcano Observatory (HVO

= platform

— Italian Space Agency (
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Summary

The global coverage offered by satellite-based SAR missions, and rapidly expanding GPS
networks can provide orders of magnitude more observations and improve hazard response

— ...if we have a data system that can efficiently monitor and analyze the voluminous data,
and provide users the tools to access data products.

Hybrid cloud may be more effective for these needs
— Do “keep up” processing on-premise
— Off-site elasticity (bursting) for bulk processing

Hybrid cloud computing may be a more effective approach to addressing lower latency and
Big Data volume processing needs

Big Data Analytics needed to improve quality of data products and processing algorithms
PB-scale data volumes in cloud computing and storage significant enough to affect
architectural design of data system

Faceted browse of data system and data products improve understanding

Real-time dashboards for “situational awareness”

Monitoring

— events for automatic processing
— data products for custom actions

AIST-funded HySDS

— Already infused into ACCESS, MEaSUREs, and GCIS data systems
—  Will be infused into USGS and ASI
— Being assessed for NISAR and SWOT science data systems
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